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1 Introduction 
Advances in aviation during and following the Second World War led to an 
enormous improvement in the performance of aircraft. The push for enhanced 
efficiency brought cruise speeds into the transonic range, where the associated drag rise 
due to the appearance of shock-waves became a limiting factor. Wing sweep was 
adopted to delay the onset of this drag rise, but with this development came several new 
and unforeseen problems. 
characteristics on a swept wing would be subject to the independence principle, so the 
chordwise transition position could be predicted from two-dimensional data. However, 
during flight tests on swept wing aircraft by Gray in 1952172, transition due to cross-flow 
instability, with its characteristic ‘saw-tooth’ transition front, was discovered. 
Attachment-line contamination was also observed, but was not identified as an 
independent transition mechanism. Gray concluded that, as sweep angles increased 
beyond 20°, the transition front moved swiftly towards the leading edge and, at larger 
sweep angles, transition occurred at the leading edge itself. Subsequently, cross flow 
instability was demonstrated theoretically by Owen and Rax~dall~,~ and Stuart’, and 
confirmed experimentally by Anscombe and Illingworth6 and Gregory and Walker5. 
Ten years later, laminar flow projects were launched by Northrop and Handley Page, 
both incorporating wing sections designed to avoid cross-flow instability by the 
application of suction through a series of narrow slots. However, during initial flight 
tests, it was found that transition occurred close to the leading edge and very little 
laminar flow was obtained. Working independently, both groups identified the 
mechanism as contamination of the wing attachment-line by the turbulent fuselage 
boundary layer, via the wing-body junction. The turbulent attachment-line then 
contaminated the flow over the whole chord and laminar flow, if any, was only obtained 
near the wing tips. Consequently, investigations were started in the early 1960’s, by 
Pfenninger at Northrop, Gregory at the National Physical Laboratory, and Gaster at the 
College of Aeronautics, Cranfield, to investigate this ‘new’ transition mechanism. 
Attachment-line transition was quickly identified as an independent mechanism and 
several ideas were proposed for its However, by that time, commercial 
interest in laminar flow had waned and funding for the research was stopped. However, 
following the oil crisis of the early 1970’s interest in laminar leading edge flows 
resumed with a number of initiatives, especially the NASA Aircraft Energy 
EfficiencyLaminar Flow Control (ACEELFC) research programs and, in 1975, the 
Eurovisc Working Party on Transition in Boundary Layers made swept wing research 
its primary focus. Since then there has been a continuous, world-wide, effort on the 
problem- including a German national research programme on transonic wing 
technology set up in 1985. NASA has sponsored a substantial flight-test program, 
including a Lockheed Jetstar9 and a Boeing 757 in simulated airline service”. 
Gas turbine development has now reached a point where additional increases in 
efficiency are both difficult and expensive to achieve. Consequently, aircraft 
manufacturers are looking elsewhere for ways to reduce Direct Operating Costs (DOC) 
or to increase performance. The attention of industry is currently focusing on hybrid 
laminar flow control (HLFC) as a possible method of reducing DOC for civil aircraft. 
Preliminary theoretical work assumed that the boundary layer transition 
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